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(57) Abstract: The invention relates to methods of sputter deposition of a metallic layer on to a substrate including utilising sub- 
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comparatively little researched. The alternative, 

proposed in the prior art is to sputter with xenon, a gas 
that costs approximately 25,000 times more than sputter 
grade argon. 

In physical vapour deposition processes e.g. 
sputtering it is widely known that increasing the 
substrate temperature improves film quality and as a 
result almost all sputtering processes are onto substrates 
heated to typically over 150°C and frequently much higher. 
These high temperatures in general present no problem to 
the substrate. However there is a process procedure known 
as "lift-off where a resist pattern (typically organic) 
is created and then the chosen material deposited onto the 
thus patterned substrate surface. After deposition the 
resist is "lifted off by e.g. use of solvent, removing 
not only the resist but also the material deposited upon 
it thus leaving a pattern of deposited material. This 
technique avoids the use of an etchant for the deposited 
material and is a method of choice for noble metals for 
obvious reasons however temperatures of over 100-120°C 
damage the resist and therefore this represents a maximum 
substrate temperature severely limiting standard substrate 
heating procedures for improving the electrical properties 
of deposited metals. 

The prior art relating to the choice of sputter gas 
consists in three parts. Firstly that there are several 
possible gasses for use in sputtering, being the noble 
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From another aspect the invention consists in a 
method of depositing a noble metal on to a substrate 
comprising sputtering of the metal utilising a process gas 
characterised in that the process gas is at least 
predominately krypton . 
Description of embodiments 

To illustrate the effect of substrate temperature 
with noble metal deposition a gold sputtering process 
using argon has been run onto semiconductor wafers. The 
gold, when deposited for 1 minute on wafers at low 
temperatures (platen temperature of 50°C) , was of 4.5 
micro ohm cm. resistivity and was of 2.5 micro ohm cm. 
resistivity when deposited for 1 minute on warm wafers (a 
platen temperature of 150°C) all other process conditions 
identical . 

Thus where low substrate temperatures are a 
requirement a novel process producing a high electrical 
quality metal layer (e.g. low resistivity) is needed. 
These low temperatures may be required where the 
substrates are coated with organic layers damaged by 
temperatures typical of metal deposition processes. These 
organic layers could be for example lift-off resist 
patterns or organic containing low-k dielectric materials 
e.g. carbon or methyl doped silicon dioxide. 

Krypton and Argon were experimented with in a Gold 
deposition process giving the following results: 
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In addition to the experiments described in the above 
the following further experiments have been carried out 
with a range of gasses to sputter gold. The results are 
as follows: 
Process conditions : 
Silicon wafer substrate 
lkW target power 
2min process time 
-16°C wafer platen temperature 



Sheet 




DC 


Process 


Sputter Resistivity Resistance 


Thickness Target Pressure 


Gas uQcm CD 


A 


Voltage 


millitorr 


Neon 14.9 1.49 


1000 


427 


3.5 


Argon 5.2 . 0.322 


1600 


559 


3.5 


Krypton 2.6 0.155 


1700 


745 


3.5 


Xenon 2.8 0.255 


1100 


785 


20 


The gasses experimented 


with 


are all 


the non- 



radioactive noble gasses. 

It may be that a key aspect of Gold layer resistivity 
on a substrate is sputter gas inclusion in the sputtered 
film during the sputtering process. Krypton may include 
less than argon due to its larger size. If this 

explanation is correct then it would be expected that 
xenon would yield even better electrical quality metal 
layers for any given applied target power, substrate 
temperature and pressure. 
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consumed. This renders the process 30 times more costly 
in gas consumption. By way of contrast argon of the same 
quality in bulk costs over 5,000 times less than krypton. 
A typical sputter process might use 0.2 litres of argon 
per wafer. At the time of writing therefore the sputter 
gas cost per semiconductor wafer would rise from 0.001 
pence per wafer for argon to 53 pence per wafer for 
krypton and £14.29 per wafer for xenon. 

This increase in pressure can also be achieved by 
reducing the pumping speed. Whilst this avoids the 
increase in gas consumption, it offers no other benefit 
and is generally considered undesirable.- All vacuum 
systems leak slightly and the substrates outgas absorbed 
gasses. Reducing the pumping speed increases the 

proportion of this gas contamination in the sputter gas 
thus further reducing sputtered film quality. 

It should also be noted that for a given process time 
and applied power the sputtered thickness was less for 
xenon than for krypton, at least in part due to increased 
gas scattering in the higher pressure gas. In effect the 
target has been sputter eroded, but the sputtered material 
is wasted on the chamber wall shielding rather than being 
deposited onto the substrate. This is significant with a 
target as valuable as e.g. gold or platinum. As can be 
seen in the experimental results krypton was 54.5% more 
efficient than xenon at depositing gold onto the substrate 
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It should be understood that the advantage of using 
krypton shown here will attach to mixes of krypton and 
another noble gas and any effective improvement by the 
inclusion of krypton is to be included in the this 
invention . 

It should also be understood that this invention is 
particularly advantageous where the substrate, for example 
a compound semiconductor wafer perhaps with an organic 
mask in place or any semiconductor wafer with a low 
thermal budget, cannot be heated to an effective 
temperature to reduce the sputtered film resistivity when 
using argon. This invention can thus be seen as a way of 
reducing process temperature to achieve the same 
resistivity sputtered films. 

An electrostatic chuck may advantageously be used to 
improve platen to substrate thermal transfer enabling more 
effective temperature control of the wafer. The 
electrostatic chuck may be chilled to below ambient 
temperatures . 
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